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Abstract

Objective: We aimed to perform a network meta-analysis that combined both direct and indi-
rect evidence to compare the relative efficacy of interventional therapies to treat patients with
postherpetic neuralgia (PHN) and to determine the treatments’ superiority and validity.
Method: A conventional paired meta-analysis was performed. This was followed by a network
meta-analysis using the Bayesian framework.

Results: Botulinum toxin type A and pulsed radiofrequency (PRF) were the two most effective
individual interventions. For combination therapy, PRF + nerve block (NB) was the best choice,
followed by subcutaneous injection or local infiltration (SC) 4+ NB + ozone (O3). However, the
combination of PRF + NB + SC showed reduced the efficacy compared with each treatment and
was highly invasive for patients. After a long-term follow-up, PRF was shown to be the most
effective therapy for treating patients with PHN.

Conclusions: Regular anti-neuropathic drug administration that was accompanied by interven-
tional therapies at an early stage is the best choice to treat patients with PHN. Appropriate
combinations of different interventions show improved pain relief. Clinicians should manage
therapeutic regimens on the basis of the patients specific condition and existing measures and
strive to achieve personalized treatment.
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Introduction

Postherpetic neuralgia (PHN) refers to pain
that does not disappear after vesicular acute
herpes zoster heals. PHN is conventionally
defined as lasting more than 3 months after
the onset of herpes zoster rash eruption or
more than 1 month after the vesicles have
healed.! PHN is the most common compli-
cation of shingles, with an incidence of 5%
to 30% in patients with herpes zoster.> It is
a persistent, debilitating, and chronic pain
condition that is characterized by spontane-
ous pain, hyperalgesia, allodynia, and par-
esthesia in the dermatomal areas where
shingles was present. Patients consider
these troublesome syndromes to be intoler-
able, and they interfere the sleep and cause
depression, thereby decreasing a patient’s
quality of life and leading to functional
impairment and lost productivity.® PHN
causes an increase in the use of health care
resources and an increased economic
burden on society.>*

The priority in PHN treatment is to pro-
vide effective pain control and relieve sleep
and emotional disorders, thereby improving
the patient’s quality of life. Currently, the
primary therapy for PHN is early and suf-
ficient administration of medication,
including calcium channel regulators (such
as pregabalin and gabapentin), antidepres-
sants, lidocaine patches, tramadol, and
opioids.” However, medication alone does
not always provide ideal efficacy, especially
in patients with long-term PHN or with
PHN in certain areas of the body.
Moreover, some patients may experience

intolerable side effects of drugs such as
nausea, dizziness, and drug addiction.
These patients might benefit from interven-
tional therapies. An interventional therapy
refers to the technique that alleviates pain
by directly targeting the lesion tissue and
performing physical, chemical, or mechani-
cal treatments, including nerve block (NB),
selective nerve destruction, intrathecal drug
administration, radiofrequency, nerve stim-
ulation, ozone (O3) therapy, and subcuta-
neous injection or local infiltration (SC).

Despite various interventions, there is no
consensus on choosing an appropriate
intervention or about each intervention’s
efficacy. Many clinical trials have been per-
formed to compare the efficacy between
two therapies, or between a therapy and
drug administration, but most of them
were observational studies or random con-
trolled trials with a small sample size, which
leads to unconvincing conclusions. Thus,
some researchers have performed paired
comparisons or a conventional meta-
analysis between two methods and system-
atic reviews to assess the efficacy of these
therapies.®” These studies provide direct
comparisons and limited information,
which are not as valuable as they could
be, and it is necessary to compare and eval-
uate the clinical efficacy of these interven-
tions on the basis of an overall viewpoint
and provide a quantitative comparison and
visualized conclusion.

In our study, we aimed to perform a net-
work meta-analysis (NMA) among all
available PHN interventional therapies, to
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combine both direct and indirect evidence
on PHN efficacy, to compare the relative
efficacy of treatments for PHN, and to
determine the PHN treatments’ superiority
and validity.

Methods

This NMA was designed and conducted in
accordance with the guidelines proposed by
the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) and the PRISMA extension
for NMAs.'*!!

Literature search strategy

Databases including PubMed, Embase, and
the Cochrane Library were searched for
studies about PHN treatments. The search
was limited to literature that was published
in English and before January 2020. To
increase the comprehensiveness of our anal-
ysis, manual searches were performed using
the reference lists from crucial studies and
reviews. We used the following combined
MeSH terms and their synonyms for the
search: “Neuralgia, Postherpetic” and
“Postherpetic Neuralgia”. All searches
were limited to human studies and clinical
trial studies.

Inclusion and exclusion criteria

To be included in our NMA, studies ful-
filled the inclusion criteria that were inter-
preted under the PICOS framework (P,
patients; I, interventions; C, controls; O,
outcomes; S, studies) as follows: 1) P:
Patients with PHN in body areas that
were innervated by spinal nerves; 2) I
Interventional treatments were applied to
the treatment groups, as follows: NB
(including epidural block, spinal NB,
dorsal root ganglion block, intercostal
NB, paravertebral block), SC (including
subcutancous injection of normal saline,
local anesthetics, corticosteroids, MeB12

as well as local infiltration), stellate gangli-
on block (SGB), subcutaneous botulinum
toxin type A (BTX-A) injection, and
pulsed radiofrequency (PRF) with or with-
out administration of drug therapy; 3) C:
Another interventional therapy or sham
procedure or blank control was used for
the control groups; 4) O: At least one quan-
titative pain evaluation can be extracted in
all enrolled studies; and 5) S: Randomized
controlled clinical trials.

The exclusion criteria for the studies
were as follows: 1) Studies conducted in
patients who had other neuropathic pain;
2) Studies focusing on destructive methods;
or 3) Studies without a clear description of
the study design, specific interventions, or
necessary information about the participants.

Studies identified by our search were
independently selected by two authors,
and disagreements were resolved by consen-
sus or consulting with another author.
Titles and abstracts were reviewed first to
determine whether studies were related to
the theme. Then, full articles were judged
on the basis of the inclusion and exclusion
criteria. If a study satisfied the inclusion cri-
teria, it was included for data extraction
and used in the detailed analysis.

Data extraction and quality assessment

Two authors independently performed the
data extraction and quality assessment for
the selected studies; all disagreements were
resolved by consensus.

Data were extracted on the basis of a
prespecified table including the following
contents: 1) demographic data (total number
of participants, age, sex, necessary information
about PHN); 2) treatment protocols (methods,
route, drug category, and dosage); 3) out-
comes; and 4) any complications.

The quality of the included studies was
assessed using the Cochrane Collaboration’s
tool for assessing the risk of bias, which
includes the following seven aspects: random
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sequence generation; allocation conceal-
ment; blinding of patients and personnel;
blinding of outcome assessment; incomplete
outcome data; selective outcome reporting;
and other sources of bias (adequate descrip-
tion of sample size calculation and detailed
disclosure of funding sources). RevMan5.3
(The Nordic Cochrane Centre for The
Cochrane Collaboration, Copenhagen,
Denmark) was used to judge bias, which
was expressed as “high risk,” “low risk,”
or “unclear risk.”

Statistical analysis

Pain intensity was the only outcome that
was analyzed in this study, and it was eval-
uated using different pain scales such as the
Visual Analogue Scale (VAS) and
Numerical Rating Scale (NRS), which
were described in the included studies.
Thus, the mean difference (MD) was used
to compare the relative differences between
different groups. Because all of the included
studies were RCTs, the baseline pain score
was comparable between different groups
within a trial, so we mainly compared the
pain scores using the endpoints.

For the direct comparison, the results
were described as the MD and 95% confi-
dence intervals (Cls), and for the indirect
comparison and mixed-treatment effect,
MD and 95% credible intervals (Crls)
were used. Because a lower pain scale
means a better effect, a negative MD
showed if a particular therapy was more
effective than another therapy.

We initially performed a conventional
paired meta-analysis to compare the relative
efficacy between two treatments. The I? test
was used to evaluate heterogeneity among
the included studies.'>'® The heterogeneity
was considered to be low, moderate, or
high for I? values <25%, 25% to 50%, or
>50%, respectively.'* Because of the small
number of studies that can be used for direct
comparisons, the DerSimonian—Laird (DL)

random effects (RE) model was used for the
paired meta-analysis.

Then, we performed NMA among all
treatments using the Bayesian framework.
The node-splitting method and the inconsis-
tency factor were used to analyze the incon-
sistency between direct and indirect
comparisons. The publication bias was
assessed using funnel plots. Network plots,
funnel plots, and cumulative probability
plots were obtained using Stata 14.0
(StataCorp LLC, College Station, TX,
USA), and NMA and the paired meta-
analysis were performed using ADDIS
(Department of Epidemiology, University
Medical  Center, Groningen,  The
Netherlands). P <0.05 was considered to
be statistically significant.

Results

Study selection

As shown in Figure 1, 828 studies were
identified from the above-mentioned data-
bases, and 25 studies were obtained via a
manual search. After removing duplicates,
709 studies remained in the primary selec-
tion, and 550 of them were excluded based
on their title and abstracts, leaving 159
studies for full-text evaluation on the basis
of the inclusion and exclusion criteria. After
reading the full text, 147 studies were
excluded with explanations, and 12 studies
were included in our NMA.

Study characteristics

Table 1 describes the summary of the 12
included studies that were published
between 2010 and 2017.'52° There were
702 participants with an age range from
57.06 to 73.53 years. Among these included
studies, two focused on the efficiency of
subcutaneous BTX-A,2'?° three focused
on NB,">™7 five studies focused on PRF
therapy,'>'®1”2! one study focused on
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Figure |. Flowchart for study selection.

PRF+NB,"” one study focused on
PRF +NB+SC," three studies focused
on SC,>2*2° one study focused on
SC+NB,” one study focused on
SC +NB+03 injection,”® and one study
focused on SGB.?* The detailed parameters,
methods, and drug dosages are listed in
Table 1. For oral medication, among nine
studies,'®* all patients regularly took oral
calcium channel regulators (first-line drugs
for PHN treatment); however, in one
study,® only some patients took calcium
channel regulators, while in two studies, %%’
no patients took these medications.

Quality of the included studies

Studies included in our NMA were assessed
using the Cochrane Collaboration’s tool for
assessing the risk of bias (Figure 2). All 12
of the included studies reported all of the
results, and most studies'®2%2*27 described
how the random sequence was generated
and showed all of the outcome data. Half
of the included studies'®?***?" showed
their allocation concealment method and
outcome concealment strategy, while two
studies'”?® did not perform blinding for
their participants and personnel. The pub-
lication bias for the included studies is
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Figure 2. Bias assessment graph.

shown in Figure 3. The data points were
grouped in the middle and upper parts of
the funnel plot, and most of the data points
were contained within the 95% CI lines,
indicating that the publication bias was rel-
atively low.

Pairwise comparison

As shown in Figure 4, we chose the three
most common time points (1 week, 1
month, and 3 months after treatment) to
conduct 22 paired meta-analyses between
each group of two interventions, and the
results are presented as the MD and 95%
CI. The analyzed outcome was pain inten-
sity, and a negative MD meant that the

former intervention was better than the
later intervention.

After 1 week of treatment, there were 12
pairwise comparisons, and the results are
shown in Figure 4A. In contrast to oral
medications, five treatment classes showed
a significant effect on pain relief, including
NB, PRF, PRF+NB, PRF-+NB+ SC,
and SC. Additionally, SGB was not superi-
or to oral medications. Compared with SC,
subcutancous BTX-A  injection and
SC+ NB + 03, but not SC+ NB, showed
significant efficacy. Compared with NB,
neither PRF nor PRF-+NB was more
effective, while PRF + NB showed the best
effectiveness.

After 1 month of treatment, six paired
comparisons were performed, and the
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Figure 3. Comparison-adjusted funnel plot. (a) Comparison-adjusted funnel plot for | week after treat-
ment, (b) Comparison-adjusted funnel plot for | month after treatment, (c) Comparison-adjusted funnel

plot for 3 months after treatment.

Drug, oral drug therapy; PRF, pulsed radiofrequency; NB, nerve block; SC, subcutaneous injection or local
infiltration; O3, ozone injection; SGB, stellate ganglion block; BTX-A, botulinum toxin type A.

results are shown in Figure 4B. The efficacy
of PRF, SC, and SGB was better than that
of oral medications, and NB showed no sig-
nificant difference from oral medications.
PRF was also more effective for pain
relief than NB.

Three months after treatment, paired
comparisons showed that PRF and SGB,
but not NB, were more effective than oral
medications. Subcutanecous BTX-A injec-
tion was still more effective than SC
(Figure 4C).

Network meta-analysis

Figure 5 shows network plots of 1 week, 1
month, and 3 months after treatments. The
NMA outcomes showing the relative effects

and 95% Crls are presented in Table 2.
A negative number indicates better efficacy,
a 95% Crl including zero means that there
is no significant difference between two
interventions. The NMA was accomplished
using Bayesian analysis methods, which are
based on the Markov chain—-Monte Carlo
method. NMA results were similar to the
direct paired comparisons above, but they
offered more information, as described
below.

After 1 week of treatment, as shown in
Figure 5A and Table 2A, comparisons were
made among six independent interventions
and four combined therapies. Among all of
these therapies, subcutaneous BTX-A injec-
tion was more effective than the other
treatments except for PRF-+NB and
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(a) PRF+NB NB

SC+NB+0O3

BTX-A SC+NB

(c) NB,

8C

PRF+NB+SC

(b) NB PRF

Drug

SGB BTX-A

Drug

BTX-A

Figure 5. Network evidence plot. (a) Network evidence plot | week after treatment, (b) Network evi-
dence plot | month after treatment, (c) Network evidence plot 3 months after treatment. The size of the
blue circles describes the total number of participants in each treatment class, and the thickness of the black
lines between two circles describes the total number of studies that compared the two treatment classes
Drug, oral drug therapy; PRF, pulsed radiofrequency; NB, nerve block; SC, subcutaneous injection or local
infiltration; O3, ozone injection; SGB, stellate ganglion block; BTX-A, botulinum toxin type A.

SC + NB + 03. Oral medication alone was
less effective than other treatments except
for SC and SGB. For NB, SC, PRF, and
their combinations, PRF + NB exhibited a
significant improvement in pain relief com-
pared with the other treatments, while
PRF + NB + SC was not significantly effec-
tive compared with the other treatments,
and NB was less effective than PRF.

After 1 month of treatment, outcomes
between the comparison of six therapies
are shown in Figure 5B and Table 3B.
BTX-A was more effective than the other
treatments. Thus, PRF was significantly

better than oral medications and NB for
alleviating pain.

After 3 months of treatment, Figure 5C
and Table 2C show that PRF was significant-
ly better than oral medications. For all other
comparisons, the 95% Crl included zero.

Consistency assessment

We performed this NMA based on the con-
sistency model. To evaluate its validity, we
used the following two methods: node-
splitting method and inconsistency fac-
tors.””*® The results are shown in Table 3.
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Table 2C. League table of NMA results for pain score 3 months after treatment.

Drug —0.17 (=1.72, 1.42) —1.51 (—2.62, —0.42) —0.74 (—2.80, 1.27)

0.17 (—1.42, 1.72)
1.51 (0.42, 2.62
0.74 (—1.27, 2.80)

NB
1.34 (—0.26, 2.98)
0.58 (—2.08, 3.09)

—1.34 (—2.98, 0.26)
PRF
—0.76 (—3.08, 1.56)

—0.58 (—3.09, 2.08)
0.76 (—1.56, 3.08)
SGB

Therapies are reported in alphabetical order. Data are described as the MD and 95% Crl. A 95% Crl that includes zero
means that there is no significant difference between two therapies. A negative MD favors the column-defining therapy.
Significant results are in bold and underscored.

Drug, drug therapy; PRF, pulsed radiofrequency; NB, nerve block; SC, subcutaneous injection or local infiltration; O3,
ozone injection; SGB, stellate ganglion block; BTX-A, botulinum toxin type A; NMA, network meta-analysis; MD, mean
difference; Crl, credible interval.

Table 3A. Results of node-split analysis.

Time Name Direct Effect Indirect Effect Overall P-Value

| week Drug, NB —1.12 (—2.00, —0.14) —1.43 (—3.13, 0.20) —1.27 (—1.93, —0.53) NS
Drug, PRF  —2.24 (—2.93, —1.56) —1.86 (—3.68, —0.02) —2.21 (—2.73, —1.63) N.S.
NB, PRF —0.63 (—1.36, 0.10) —1.33 (—2.18, —0.47) —0.94 (—1.66, —0.24) N.S.

| month  Drug, NB  —0.01 (—3.13, 3.15) —0.31 (—3.81, 3.40) —0.12 (—1.74, 1.51) N.S.
Drug, PRF  —1.85 (—3.59, —0.10) —1.58 (—5.88, 2.52) —1.83 (—3.00, —0.70) N.S.
NB, PRF —1.59 (—4.80, 1.70) —1.86 (—5.83, 1.85) —1.70 (—3.33, —0.12) N.S.

2 months Drug, NB  —0.50 (—2.74, 1.84) 0.37 (—2.28, 3.08) —0.17 (—1.72, 1.42) N.S.
Drug, PRF  —1.41 (—2.75, —0.10) —2.24 (—5.62, 1.01) —1.51 (—2.62, —0.42) N.S.
NB, PRF —1.74 (—4.14, 0.60) —0.94 (—3.62, 1.72) —1.34 (—2.98, 0.26) N.S.

Table 3B. Inconsistency factor.

Time Point Cycle Inconsistency Factor, median (95%Crl)
| week Drug, NB, PRF 0.06 (—3.03, 2.20)
| month Drug, NB, PRF 0.10 (—2.07, 2.31)
2 months Drug, NB, PRF —0.17 (—2.06, 1.39)

Data were described as MD and 95% Cl or 95% Crl. P<0.05 indicates a statistically significant difference between direct
and indirect effects. An inconsistency factor close to zero means that there was no significant inconsistency between the
direct and indirect therapy.

Drug; drug therapy; PRF, pulsed radiofrequency; NB, nerve block; MD, mean difference; Cl, confidence interval; Crl,
credible interval; N.S., not significant.

The node-splitting analysis assessed
whether indirect and direct evidence were

indicate whether there was significant
inconsistency. P <0.05 was considered to

in agreement on a split node.”” Table 3A
shows the node-splitting analysis results at
different time points after treatment,
including direct, indirect, and combined
evidence. The P-value was also shown to

be statistically significant. Table 3A sug-
gests that no significant inconsistency was
present in the NMA. Moreover, it is mean-
ingful to assess the consistency using the
node-splitting analysis only when there is
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concurrent direct and indirect evidence.
Thus, the consistency could not be assessed
for comparisons using only an indirect
comparison.

If closed loops are present in the evi-
dence structure, the inconsistency factor
can be used to detect the inconsistency.
The closer the inconsistency factor is to
zero, the smaller the amount of inconsisten-
cy that is present.”® The results are summa-
rized in Table 3B, which indicates that there
is no significant inconsistency. This is in
agreement with the results of the node-
splitting analysis.

Ranking of treatment classes

The Bayesian approach allows estimation
of the probability, provides the different
previous therapies, and the data so that

followed by the second-best treatment and
so on. The results are shown in Figure 6 and
Figure 7. Figure 6 shows the rank probabil-
ities for each treatment. The sum of the
rank probabilities is 1, whether it is within
a rank over treatments or within a treat-
ment over ranks. Rank 10 indicates the
best treatment for pain reduction. Figure
7 shows the cumulative probability of dif-
ferent therapies, and larger areas under the
curve mean a smaller rank and worse pain
relief efficacy. After 1 week of treatments,
subcutaneous BTX-A ranked the best and
PRF + NB ranked the second best, fol-
lowed by SC+NB+03 and PRF;
SC+NB, NB, PRF+NB+SC, and SC;
and the last two were SGB and oral medi-
cation. After 1 month of treatment, the
ranking sequence from the most to least
effective was as follows: BTX-A, SC,

the best treatment can be identified, PRF, SGB, NB, and oral medication.
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0.7
0.6
%05
Eni
I3
E<|.3
0.2
0.1 | |
1o o 1 AL . L o 1. . ]
BTx-A Crug KB PRF FRF+NE PRE4NB4SC sC SC+MNB SC+MNB+03 SGB
Treatment
(), (3
0.9 0.7
08
0.6
57
Zos Zos "
- 2 |
'3')‘ J §-14 i
&0 | E-Ji |

1
|
|
i g
sGB

BTX-A sC

5
4
03
0z |
= ||
nol= | LS | | SR l,,, -

g e PRF

Treatment

-

0.1 H 1
| i)

0.0 1B . | B | -

Dug N8 FRF SGB
Treatment

[®Rank: 3 @Ranl: 2 WRank 3 Rank: 4 WRad:S % Rank 6 = Rank 7 M Rark: & MRark: § M Rarl: 10]

Figure 6. Rank probability plot. (a) Rank probability plot for pain score | week after treatment, (b) Rank
probability plot for pain score | month after treatment, (c) Rank probability plot for pain score 3 months
after treatment. Rank | is the worst and rank 10 is the best rank.

Drug, oral drug therapy; PRF, pulsed radiofrequency; NB, nerve block; SC, subcutaneous injection or local
infiltration; O3, ozone injection; SGB, stellate ganglion block; BTX-A, botulinum toxin type A.
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Figure 7. Cumulative probability plot. (a) Cumulative probability plot for the pain score | week after
treatment, (b) Cumulative probability plot for the pain score | month after treatment, (c) Cumulative
probability plot for pain score 3 months after treatment. The larger the area under each curve, the less

effective the treatment is for pain reduction.
Drug, oral drug therapy; PRF, pulsed radiofrequency;

NB, nerve block; SC, subcutaneous injection or local

infiltration; O3, ozone injection; SGB, stellate ganglion block; BTX-A, botulinum toxin type A.

After 3 months of treatment, the sequence
was as follows: PRF, SGB, NB, and oral
medication.

Discussion

Currently, there are various interventions to
treat patients with PHN. For a pain physi-
cian, choosing a suitable treatment for a
particular patient is vital. Although many
studies have been performed to explore
each measure’s roles, there was still a lack
of overall and quantitative studies among
all treatments. To evaluate the efficiency
of different interventions, we performed
this NMA (including direct and indirect
comparisons and mixed treatment compar-
isons). Twelve RCT studies, including 702

patients and ten treatments, were analyzed.
Each included study had compared one,
two, or three types of interventions at dif-
ferent time points after therapy. To simplify
our NMA, we chose the three most
common time points (1 week, 1 month,
and 3 months) to analyze.

Through direct pairwise comparison at 1
week, interventions other than SGB all had
a better therapeutic effect than oral drug
therapy, indicating the requirement for
early intervention in addition to the correct
oral medication. For PRF and NB, which
are the two most commonly used therapies,
the efficacy of PRF was better than that of
NB, while the combination of these thera-
pies was better than using them alone. For
SC, SC + NB had no significant advantages
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over SC, but if O3 was injected with
NB +SC, the efficacy was better than
either of these treatments alone.
Additionally, subcutaneous injection of
BTX-A was better than subcutaneous injec-
tion of saline or lidocaine. After 1 to 3
months of treatment, almost all of the inter-
ventions had better efficacy than that of
oral drug therapy.

The results of this NMA were similar to
those of the direct comparison, but the
NMA provided more information for treat-
ments without direct comparisons. After 1
week of treatment, PRF+NB+SC
(ranked forth) was not significantly better
than NB (ranked fifth), PRF (ranked sev-
enth), or NB+ PRF (ranked ninth), but it
was Dbetter than SC (ranked third).
Additionally, subcutaneous injection of
BTX-A (ranked tenth) was significantly
more effective than other therapies, except

PRF +NB and SC+NB+03.
Furthermore, = combination  therapies,
including PRF+NB, SC+NB, and

SC+ NB + 03, showed comparable effica-
cy and were superior to each therapy alone
except for BTX-A. After 1 month of treat-
ment, BTX-A was still ranked the best,
while SC (ranked fifth) was better than
PRF (ranked fourth), but the difference
was not significant. SGB (ranked third)
was better than NB (ranked as the second)
and oral medication (ranked first). After 3
months of treatment, the order of priority
was PRF, SGB, NB, and oral medication.

PRF is a commonly used neuromodula-
tion therapy in pain management, and it is
characterized as highly selective and mini-
mally invasive.*® Compared with continu-
ous radiofrequency  therapy, PRF
produces a rapidly changing electric field
and lower temperature; thus, it is safer
and easier to use, and it causes fewer com-
plications such as neural damage and post-
operative soreness. PRF can block pain
transmission by interrupting signals in
unmyelinated C fibers and myelinated A-

delta fibers without influencing myelinated
A-alpha and A-beta fibers.>’ Moreover,
PRF appears to change c-fos mRNA
expression in the dorsal horn of spinal
cord.*> In our NMA, PRF was highly effec-
tive for pain reduction in PHN patients at
all time points compared among all the ana-
lyzed interventions. It can alleviate pain for
a long time and promote curing patients
with PHN. Overall, considering its strong
safety profile, minimal invasiveness, fewer
adverse effects, and nondestructive nature,
PRF is easily accepted by both patients and
doctors, and it is an appropriate interven-
tion for PHN.

NB is a minimally invasive therapy,
which means injecting mainly local anes-
thetics or drugs including local anesthetics
(sometimes steroids may be added) into the
nerve root, trunk, ganglion, or epidural
space. In our analysis, NB includes epidural
block, dorsal root ganglion block, intercos-
tal NB, and paravertebral block. NB can
temporally block nerve transduction with-
out damaging the nerves. Our NMA
showed that NB was valid at all the ana-
lyzed time points, but at 1 month and 3
months, the efficacy rank of NB decreased.
This phenomenon indicates that the effect
of NB is transient, persisting for a short
period. However, NB is beneficial to for
the PHN patient’s prognosis over the
long term.

NB is also synergistic with PRF and SC,
and their combination was better than each
treatment alone. Thus, NB is safe, conve-
nient, and easy to perform, it is good for
temporary anesthesia, and application of
NB in the early stage of PHN can promote
pain relief for a long time. If permitted,
continuous blockade or the combination
of NB with PRF or SC are good choices.

SC, in our study, includes subcutaneous
injection of lidocaine, saline, or methylco-
balamin and local infiltration of lidocaine
or glucocorticoids. For development of
PHN including central and peripheral
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sensitization,* SC mainly acts on peripher-
al sensitization. Reactivation of Varicella
zoster virus causes neural damage, inflam-
mation, and tissue edema in the affected
tissue. Inflammatory mediators are then
released by the injured tissue, which reduces
the nociception threshold and activates
local nociceptors.®* All these processes pro-
mote the development of peripheral sensiti-
zation. SC can ameliorate PHN by
alleviating local inflammation, blocking
peripheral nociceptors, and nourishing
injured nerves. In our NMA, after 1 week
of treatment, the efficacy of SC was limited,
but after 1 month, its efficacy was better
than that of PRF. This may be because
SC is a long-term treatment that requires
frequent injections. The combination of
SC and NB was better than either of them
alone, or if O3 injection was added, the ben-
efit became significant. However, if PRF,
NB, and SC were used together, the efficacy
was reduced, and it was worse than that of
PRF and PRF + NB. This indicates that
too many interventions at the same time is
not advisable. Thus, to treat patients with
PHN, SC is effective especially when
applied with NB and O3 injection.
However, all injected medications were
combined in this study, so further studies
should be performed to explore the differ-
ence among various drugs for long periods.

BTX-A is a neurotoxin that is purified
from the bacterium Clostridium botulinum,
and it can inhibit the release of neurotrans-
mitters (including acetylcholine, glutamate,
calcitonin gene-related peptide, and sub-
stance P) from both motor and sensory neu-
rons.>>>® Subcutaneous injection of BTX-A
reduces the peripheral nociceptive input,
prevents sensitization of nociceptors, and
relieves neurogenic inflammation.’® In our
study, subcutancous injection of BTX-A
was the most effective measure after 1
week and | month of treatment.
Furthermore, in the two studies related to
BTX-A, subcutaneous injection of BTX-A

showed better pain relief than SC after 2
weeks and 3 months.>**’” However, there
was no data to compare its long-term
effect with other treatments and to evaluate
their combined efficacy.

SGB is widely used in pain management,
and it changes the function of the sympa-
thetic nervous system. There was only one
study that was related to SGB in our anal-
ysis. The NMA showed that SGB was
worse than NB 1 week after treatment,
but its effect was better than NB after 1
month and 2 months. This may be because
regulation of sympathetic function is a
long-term process and its effect occurs
slowly. Thus, to treat patients with PHN,
SGB is not a good choice for multiple treat-
ments, and a long course of treatment is
required.

PHN treatment must involve interven-
tional therapies at an early stage and
include regular anti-neuropathic drug
administration. After 1 week of treatment,
BTX-A and PRF were the two most effec-
tive treatments among all individual inter-
ventions. However, if combined therapy
was allowed, PRF+NB was the best
choice, followed by SC+ NB+ O3. Too
many therapies at the same time was not
recommended, because PRF+ NB+SC
seemed to reduce the efficacy of each treat-
ment, and it was highly invasive for
patients. After long-term follow-up, PRF
was the most effective therapy to treat
patients with PHN.

This study has some limitations. First,
only literature published in English was
searched for the analysis. Second, partici-
pants were patients who had PHN in
arecas that were innervated by spinal
nerves, so this conclusion may not be appli-
cable to PHN in other body areas. Third,
many interventions lacked data after the
long-term follow-up, making it difficult to
compare the patients’ long-term efficacy.
Finally, because there were no RCTs,
many new interventions, such as spinal
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cord stimulation and autologous fat graft-
ing were not analyzed in our NMA.?’
Therefore, more studies involving these
new therapies are needed to develop more
effective and safe methods to treat patients
with PHN.

Conclusions

Regular anti-neuropathic drug administra-
tion that was accompanied by intervention-
al therapies at an ecarly stage is the best
choice to treat patients with PHN. BTX-A
and PRF are the two most effective individ-
ual interventions after 1 week of treatment.
However, after long-term follow-up, PRF
was the most effective treatment. For com-
bined therapy, PRF+ NB was the best
choice, followed by SC+NB+O3.
Additionally, too many therapies at the
same time is not recommended. Clinicians
should manage therapeutic regimens in
accordance with the patients’ specific con-
dition and existing measures to achieve per-
sonalized treatment.
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